Partially purified staphylococcal hyaluronidase was studied with respect to its electrophoretic properties by the use of starch slurry or semisolid Noble agar as a matrix. The polarity of enzyme activity was found to be cathodal on starch and anodal on agar gel. The electrophoretic migration of the partially purified enzyme on starch, as a function of pH, suggested that the enzyme has an isoelectric point of pH 9.5 to 10.
Partially purified staphylococcal hyaluronidase was studied with respect to its electrophoretic properties by the use of starch slurry or semisolid Noble agar as a matrix. The polarity of enzyme activity was found to be cathodal on starch and anodal on agar gel. The electrophoretic migration of the partially purified enzyme on starch, as a function of pH, suggested that the enzyme has an isoelectric point of pH 9.5 to 10.
In a previous report (2) , the partial purification and some physicochemical characteristics of staphylococcal hyaluronate lyase were described. The electrophoretic properties of the enzyme, with regard to polarity and its activity as a function of pH, have not been defined elsewhere. This report, therefore, deals with the migration of partially purified staphylococcal hyaluronidase in an electrophoretic field under varying conditions of pH and migration media. School, 1965) were concentrated by 100% ammonium sulfate saturation and sequentially fractionated through five saturations (i.e., 50, 70, 80, 90 and 100%) according to the method of Colowick and Kaplan (4) as previously described (1, 2) . The 90 to 100% fraction was designated as the partially purified hyaluronate lyase (2) .
METHODS AND MATERIALS
Starch block electrophoresis. Purified washed starch, mixed with sufficient buffer to form a viscous paste-like slurry, was poured into plastic molds (17.5 by 1.9 by 0.6 cm). Moist filter paper wicks, the width of the molds, were inserted at either end prior to pouring the slurry. A segment of the starch was removed from the center of the block (1.5 by 0.3 by 0.6 cm) to serve as the origin. The block was cooled at 5 C in a cold room for 1 hr prior to addition of the sample.
The enzyme sample, 0.2 to 0.5 ml, was mixed with dry, washed starch and placed into the sample origin. Powdered starch was sprinkled over the sample area and depressed with a spatula until semidry. Filter-paper wicks, the width of the plastic mold, were moistened in buffer and placed at either end on top of the starch block and extended 3 to 4 cm into each buffer chamber. Electrophoresis was carried out at 250v (20 to 30ma) at 5 C for 15 to 18 hr in a Buchler Chamber (Buchler Instruments, Inc., Fort Lee, N.J.), using Barbital buffer (pH 8.6) of 0.05 ionic strength (8) .
For rapid localization of proteins after electrophoresis, contact prints were prepared with Whatman no. 1 filter paper strips. The strips were marked, moistened with the buffer, and applied directly onto each starch block for 15 min. The strips were then removed, immersed in Ponceau Stain (Consolidated Laboratories, Inc., Chicago, Ill.) for 5 min, and air dried on Whatman No. 4 filter paper; protein migration was determined as zones of increased color densities.
Fractions of 1 cm were cut from appropriate sections of the block and placed into test tubes. A 2-ml amount of phosphate-buffered saline, pH 7.2 (0.05 M sodium phosphate buffer containing 0.15 M sodium chloride), was added to each tube. The contents in the tubes were carefully mixed with a spatula three times, at 1-hr intervals, and the starch was eluted once overnight at 5 C. Fractions were then eluted two or three times with buffered saline (pH 7.2) at hourly intervals, pooled, and frozen at -20 C.
Agar gel electrophoresis. A semipreparative electrophoresis procedure was utilized with plastic molds (17.5 by 1.9 by 0.6 cm) filled with 1% Noble agar gel (Difco) in 0.025 ionic strength sodium barbital buffer (pH 8.6). Samples consisting of approximately 0.5 ml of enzyme solution were placed in a central slit, 1 by 0.5 by 0.6 cm. Electrophoresis was carried out as described for starch. Fractions (1 cm wide) obtained from the gel were eluted with the phosphate-buffered saline. The agar strips were then frozen and thawed with dry ice and warm water for 8 to 10 cycles. The resulting eluates were recovered from each of the fragmented gel strips by centrifugation for 15 min at 1,000 X g at 5 C and stored at -20 C until tested.
Buffers Figure 1 indicates the electrophoretic patterns on starch of the partially purified hyaluronidase using several selected buffers with different pH values. Enzyme migration varied according to the pH change, although the total protein profile remained essentially similar. Electrophoresis with a wider range of buffers indicated that the isoelectric point was between pH 9.5 and 10 ( Fig. 2) (Fig. 3) (Fig. 4) . The hyperimmune antistaphylococcus serum detected a variety of antigens with the initial culture supematant fluid. DISCUSSION A zone electrophoretic procedure with purified potato starch was used to determine the electrophoretic migration properties of staphylococcal hyaluronidase. The results indicate that the isoelectric point, under the conditions used, was between pH 9.5 and 10. These results are consistent with the possibility that hyaluronidase has properties of a basic protein. This is in agreement with the results of Vesterberg et al. (15) , who suggested an isoelectric point of 9.7 using isoelectric focusing. We have indicated (2) that this enzyme has adsorbant properties similar to lysozyme and ribonuclease when passed through Sephadex containing negatively charged carboxyl groups (5, 6, 11) . It is of interest to compare this physicochemical property with that of lysozyme, also a mucopolysaccharidase with f3-glucosaminidase activity similar to that of hyaluronidase (3 Agar gel electrophoresis indicated that the polaiity of hyaluronidase preparations was anodal. Electrophoresis of the enzyme under the same conditions on starch and on agar gel at pH 8.6 indicated that hyaluronidase activity migrated cathodally on starch and anodally on agar gel. Ouchterlony analysis of the enzymecontaining fractions after electrophoresis indicated a single line of identity for the two oppositely migrating activities. Such results suggest that the enzyme has divergent polarities under similar electrophoretic conditions in different supporting media. Electro-osmosotic flow does not seem to be an important factor, since such flow enhances cathodal migration.
Ressler et al. (13) investigated the problem of electrophoretic inconsistencies and came to the conclusion from his evidence, and from that of Wieme (16) , that agar contains anionic components which associate with basic (positively (charged) proteins under the conditions of dilute buffer systems. Agar carries a negative charge because of ionized carboxyl and sulfate groups (12) . Such an anionic component or components, in some cases, may be eliminated by preelectrophoresis of the agar, by increasing the buffer concentration, or by use of agarose which has no acidic groups (7) . However, experiments of this nature did not significantly alter the migration properties of hyaluronidase in agar (C. Abramson, unpublished data).
The probable isoelectric point established by these experiments suggests that hyaluronidase is a basic protein. Therefore, the electrophoretic inconsistency observed for this enzyme with agar gel and starch can be interpreted as a possible association of basic staphylococcal hyaluronidase with anionic substances in the agar gel, causing the enzyme to migrate to the anode.
